There is growing evidence that intrusive magmatic bodies such as sills and dikes can 9 influence the migration of fluids in the deep subsurface. This influence is largely due to 10 is directly overlain by a vertical feature interpreted to be a fluid escape pipe, which extends 20 vertically for ~700 m across the late Miocene-Pliocene succession. We suggest the buried volcanic 21 complex was able to focus vertical fluid migration to the base of the pipe because its bulk 22 permeability was higher than that of the overlying claystone sequence. The fluid escape pipe may 23 have initiated through either: 1) hydraulic fracturing following fluid expulsion from a deep, 24 overpressured sub-volcanic source region; 2) differential compaction and doming of the overlying 25 claystones; or 3) through a combination of these processes. Our results suggest a hitherto 26
To assist our interpretation and help visualize volcanic and related features we computed a 139 coherency cube from the original reflection volume. We also generated a spectral decomposition 140 volume (Henderson et al., 2007) , with a blend involving frequencies red = 27 Hz, green = 33 Hz 141 and blue = 57 Hz found to highlight supra-volcanic features clearly. 142
Interpretation of 3D seismic data 144

Volcanic features 145
A representative inline from the 3D survey is shown in Fig. 4A . The TV horizon is marked 146 by a laterally discontinuous bright reflection. This horizon forms the highest amplitude event after 147 the seabed reflection due to the acoustic impedance contrast with the overlying claystones. The TV 148 horizon defines a mound-like structure with maximum dips of 15−20° that culminates at ~0.85 s 149 TWT (~0.2 s above its regional elevation), 2 km NE of the well location (Fig. 4A ). An amplitude 150 time slice at ~1 s TWT shows that the mound comprised of several, partially overlapping smaller 151 mounds (V1-V3) that possess circular to elliptical planform geometries (Fig. 5A) . A separate series 152 of smaller mounds aligned in an N-S orientation occur NW of Yolla-1 (V4-V6). The largest 153 identifiable mound, which is closest to Yolla-1 (V1), has a diameter of ~3 km at 1 s TWT .21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
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infer that the tuff cone was emplaced in a shallow marine environment, similar to pristine 159 submarine Eocene volcanoes in the Ceduna sub-basin described by Jackson (2012) . 160
Sedimentological and palynological data from the overlying calcareous claystones at Yolla-1 161 indicates deposition of these rocks in water depths of >90 to 140 meters of water, with calcareous 162 sediments winnowed off a nearby bryozoan bank with associated clay flux (Boral Energy, 1998) . 163
The construction of the volcano in a shallow marine environment would have resulted in rapid 164 alteration of the volcaniclastic deposits (c.f. Kano, 1998) , consistent with the highly altered nature 165 of the volcanic rocks encountered by Yolla-1. 166
Sub-volcanic features 167
An array of sub-linear, near-vertical, ~N-S trending zones of seismic disturbance (Fig.  168 3A,B), occurs at >1 s TWT (Fig. 4A) . In map view these zones are can be distinguished from faults 169 on the basis of their orientation, cross-cutting relationships and the fact that there is no evidence for 170 vertically offset reflections across them (Fig. 4A) . The maximum width of these zones is ~100 m, 171 and lengths vary between 2 to >15 km. There is strong alignment between the ~N-S orientations of 172 these zones and the volcanoes (Fig. 5B) . We do not interpret these zones to be sub-volcanic 173 artefacts, because they are not restricted to occurring just beneath the volcanoes (Fig. 5B) These features have lower seismic amplitude than the TV reflection (Fig. 4) , and we do not interpret 196 them to be volcanic in origin. The frequency response is also not consistent with these features 197 being volcanic, as volcanic rocks tend to produce responses from across the frequency spectrum. 
Relationship between buried volcanic complex and supra-volcanic features 215
We first present two alternative interpretations for the anomalies that are observed from 216 mapping of the LMM horizon. One interpretation is that they are related to differential compaction 217 of the claystone sequence, because the lateral extent of feature B broadly corresponds to the 218 topography of the underlying volcanic complex. The second interpretation is that feature B is a 219 sedimentary density current deposit extending away from a source sedimentary volcano, which here 220 is expressed as a subcircular frequency anomaly (feature A). In cross section the sequence beneath 221 the conduit is characterised by a pipe-like zone of discontinuous reflections ( individual volcanoes within the complex, we consider that an origin related to differential 226 compaction is most likely. However, we cannot discount the possibility that features A and B 227 represent a sediment volcano and sedimentary density current deposit, respectively. 228
We interpret the supra-volcanic, pipe-like structure to be a fluid-escape pipe ( The integrity of the seal above the reservoir that hosts the proximal Yolla gas field is 243 uncompromised, implying significant compartmentalization of fluid flow and pressure regimes at 244 depths >1.5 km, possibly aided by the network of subvolcanic dikes. We suggest that fluids and/or 245 gases from mature source rocks to the east of the fault-bounded Yolla closure migrated upwards to 246 the base of the claystone sequence, which we infer has low-permeability, and were then focused by 247 the volcanic complex, which formed a structurally-high pressure foci (c.f. Sun et al., 2012; 248 Cartwright and Santamarina, 2015). Fluids may have been preferentially exploited and focused by 249 internal fractures and high permeability pathways within the volcanic complex, or along its margins 250 by lateral pressure transfer. Because there is no core from the Torquay Group, we are unable to 251 directly constrain the permeability of the claystones or the volcanic rocks. 252
The pipe itself may have formed due to hydraulic fracturing following fluid expulsion from 253 a deep, overpressured sub-volcanic source region, or due to differential compaction of the 254 overburden of the Yolla volcanic complex, which is most pronounced over the largest volcano (V1). 255
We cannot discriminate between these scenarios, but in both cases we infer that the volcanic 256 complex has acted to focus fluids to the base of the pipe. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 there is no association with fluid escape pipes. 267
Although we consider the above hypothesis plausible, our preferred hypothesis is that the 268 location of the fluid escape pipe has been directly controlled by the deeper volcanic complex. 269
Critically, we note that the seismic data shows evidence for disrupted reflectors between the TV and 270 LMM horizons, directly above V1 (Fig. 4C, Fig. 5E ). This suggests that the base of the fluid escape 271 pipe is directly linked to the volcanic complex, which acted as a structurally-high pressure foci. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 in a shallow marine setting (Fig. 6A) . The complex comprises a number of partially overlapping 288 volcanoes, and we infer that these were fed via N-S trending dikes (Fig. 5B) . 289
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